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ABSTRACT 

This study explores a learning model which suggests 
that a concept is acquired first through manipulation of concrete 
objects followed by transformation of the concrete objects into 
semlrconcrete representations, followed by internalization of the 
concept through abstract representations. Microcomputer simulations 
of manipulative activities were used to determine how children differ 
in their use of science-process skills and concepts when using the 
simulations compared to using the concrete materials, or a 
combination of simulations and concrete materials. Subjects included 
113 children distributed according to male and female, second- and 
fourth-grade level, and socio-cultural site. Criterion measures 
assessed the children's ability to: recognise and duplicate a design; 
recognise end extend e pattern; and locate objects in space. Results 
indicate that: (1) fourth graders performed better than second 
graders; (2) rural, white children performed better than suburban, 
black children with activities involving the computer; (3) rural, 
white girls performed better than suburban, black girls using 
concrete-only activities; and (4) rural, white boys using activities 
involving the computer performed better then suburban, black girls 
using concrete-only activities. These findings suggest that concrete 
and computer activities have different effects on children depending 
upon their socio-cultural background and upon their sex. . 
(Author/JN) 
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COIfflTER SIMULATIONS AND THE TRANSITION FROM 
CONCRETE MANIPULATION OF OBJECTS TO ABSTRACT THISKINC 

ABSTRACT 

This study explores the learning model which suggests that a concept is 
acquired first through manipulation of concrete objects followed by 
t rant format ion of the concrete objects into semi-concrete representations, 
followed by interne ligation of the concept through abstract representations. 

Microcomputer simulations of manipulative activities mere used to 
determine bow children differ in their .use of science-process skills 
and concepts when using the simulations compared to using the concrete 
materials, or a combination of timuiations and concrete materials. 

The sample for the' study included a total of 113 children distributed 
according to male and female, 2nd and 4th grade level, and socle-cultural 
site. The treetment condition consisted of three levels bsfed upon the 
proportion of activities using concrete objects to those using computer 
aimulations (concrete only, concrete end computer, computer only). 

The criterion measures assessed the children's ability to: recognise and 
duplicate a design, recognise and extend a pattern, and locate objects in 
space. 

A nultiveriate analysis of verience was used to determine the influence 
of the computer simulations on concept development as compared to 
the use of concrete materials. Differential effects were tasted in terms of 
socio-cultural background, gender, and grade level. The results indicate* 
thet: 

0 

1. Fourth graders performed .better than second grsders. 

2. Rural* white children performed better than suburban, black 
children with activities involving the computer. 

3. Rurel, white girls performed better tfan suburban, black girls 
usir* concrete-only activities. 

4 Rural, white boys using activities invloving the computer 

performed better then suburban, black girls using concrete-only 
activities. 
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a. PURPOSE OF STUDY 



Statement of the Problem 

The problem in tbia a tody was to investigate the effects of combining 
interactive microcomputer simulations and concrete activitiaa on the 
development of abstract thinking . 

Objectives 

Specifically, the study will assess student performance: 

1. In recognition and duplication of designs, 

2. Zn recognition and extension of patterns through eeriation, and 

3. In apatiai orientation and diacrimination tasks. 

w 

b. THEORETICAL BASIS FOR STUDY 

Educators have generally accepted a theory of concept development baaed 
upon a progression from concrete objects, to reprteentatiooal form, and finally 
abstract thought. It la suggested that children acquire concepts first through 
concrete experiences with manipulative materials, extend their understanding of 
the concept by the transformation of the concrete objects into semi-concrete 
representations (i.e., pictures, images) and internalise the concepts through 
abatract thinking (i.e., symbols, letters, numbers). Stversl cognitive 
theorists support this model (e.g., Bruner, Piaget). A meta-analysis by 
Bredderaen (1983) concluded that "...the more activity-proceaa-baaed approaches 
to teaching science results in gsins over traditional methode in a wide range 
of student outcome areaa at all grade levele." (p. 513). The exact nature of 
the activity-baaed experience needs to be explored in terms of the materials 
used and their relationship to concrete and abatract thinking. 

There has been much literature to support the importance of the initial, 
concrete manipulation of objects in the development of concepts (Dienes and 
Golding, 1971; Beya, 1971). The use of multiple embodiments, concepts 
presented in as many different ways aa possible, has also been suggested 
(Dieses and Golding, 1971). However, the research does not provide support for 
the use of multiembodiments (Beardslee, 1973; Edge t Ashlock, 1982; Can, 1973; 
Suydem & Biggins, 1977). Therefore, we suggest the use of mixed-mode 
multiembodimente or the interplay of concrete, manipulative objects and 
representational forms such as the computer to facilitate the development of 
abatract unders tendings. Lesh (1979) contends thst the nse of different modes 
of representation will promote meaningful learning, retention, and transfer of 
concepts. It is our feeling that the computer should be integrated into the 
curriculum aa an interactive link between the concrete and abatract levels of 
thought. 

BEST COPY AVAILABLE 
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c. PROCEDURE OF STUDY 

Subjects 

The study involved 113 elementary school children (28 second grade boys; 
30 second grade girls; 26 fourth grade boys; 29 fourth grade girls) randomly 
selected from two Ohio elementary schools* The sample represented populations 
from two different socio-cultural backgrounds: suburban, predominately black 
(H-57); rural, predominately white (H-56). 

'Treatment 

There were three levels of the treatment condition. 

a. Concrete - only activities, 

v b. Combination of concrete and computer simulation activities, and 

c. Computer simulation - only activities. 

Students within each socio-cultural site were randomly assigned by gender and 
grade level to the treatment conditions. The students received 
instruction using* either pegboards and colored cubes and/or computer 
simulations of these materials. Students completed a total of twenty tasks 
designed to develop the following concept*: 

a. Recognition and duplication of design 

b. ' Recognition and extension of pattern 

c. Spatial orientation and discrimination 

The teachers used these activities over a three-week period in a manner 
determined and prescribed by the research team. 

At the end of the treatment period, two paper- and- pencil instruments 
^requiring reflective abstract thought were administered to all subjects. Testl 
requires pattern recognition and is a test of the specific skills required in 
the concrete and computer activities. Test 2 requires pattern extension and 
spatial orientation discrimination and is a test of the general transfer and 
extension of these skills. Bach test consisted of six items administered to 
113 subjects. The internal consistency (Cronbach's Alpha) reliabilities across 
all subsets of the sample were) Testl - 0.45, Test2 - 0.74. The reliabilities 
did not vary significantly among the various subsets of the sample based upon 
socio-cultural background, gender, and grade level. Scores on these 
instruments comprised the dependent variables. 
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4. RESULTS OR CONCLUSIONS OF STUDY 

The data vat enelysed using four-nay nultiveriete and univariate analyses 
of variance with two dependent v riables. Appropriate follow-up procedures for 
interpret st ion of the results were used. For interpretetion of interaction 
effects the meens for the dependent vsriables were plotted and pose hoc 
Procedures' employed to determine specific differences. Differences at or beyond 
the .10 elpha level were considered statistically significant. 

Table I . 
Ana lysis of Variance For Site. Sen. Grade Level an d Treatment Significant 

Effecta for Performance on Two Tests 



SOURCE 



Sice x Sex x Treatment 
Testl 
Test 2 

Site x Crsde 
Testl 
Test 2 



Grade 



Testl 
Test2 



Site 



Testl 
TestZ 



df 



4,176 
2,89 
2,89 

2,88 
1,89 
1,89 

2,88 
1,89 
1,89 

2,88 
1,89 
1,89 



MS 



.20 
10. OS 



.004 
60.27 



17.92 
12.37 



12.91 
25.34 



Multivariate 

F F 

1.74 .14 



Univariate 
F F 



10.44 



7.68 



.001* 



.001* 



.16 

3.40 



.003 
20.38 



13.76 
4.18 



.86 
.04* 



.96 
.001* 



.001* 
.04* 



7.62 .001* 



9.91 .002* 
8.57 .004* 



Table 1 reports the results of the multivariate analysis of variance and 
univariate analysis of veri.nce for sil significant main and interaction 
effect Inspection of Table 1 reveals a significant main effect for 
!Li^ultu«rsUe with rural-white students performing better than 
!!£l^n*lbllck Jeudenta on both criterion instruments. A significant grade 
uSS b 5fei?w^lw wSh fourth gr.du student, performing better than second 
ItuSnts on both criterion instruments, a significant site by grade level 
?! JeSom It fecewae found for only Test 2. Speeificsily, the suburban-black. 
.LoJ fgraoe eoT. dU siSSficentiy better th.n their fourth grade counterpart, 
^n^inrtbe^oncrete-only treatment activities. In ail other esses, the 
fourth grade students did es well as or better than second graders. 

A significant three-way interaction effect involving site by sex by 
treatment^., found only for Test2. The Scheffl post hoc tests revealed the 
following differences: 

Rural - white girl, performed eignificantiy better than suburban - black 
~* girls when using concrete-only activities. 

b. Rur.i - white boy. performed .ignificantly ^J'er then r , ^~"Jl T Ck 
girl, when using either concrete-computer activities or computer-only 

v ' - rtflu -. ' ' BEST COPY AVAILABLE 
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e. IMPLICATIONS FOR TEACHING SCIENCE 

The influence that concrete manipulation of objects and computer •etivities 
h4V . iTthe itudentt' transition fro. concrete underetsnding to .bf tract thinking 
iTLfelwr 5TSS point. The evidence fro. thi. study suggests that net all 

! \! !!I infi^LS in the same manner. In this study mhen concrete-only 
L^t ~r. uST.1m liuo iTJirS. the rural environment did much better 
•etivities vere usee. "« * 4 cooctpti thao did the suburban-black 

• #ftr th#M two oooulatlone to become pore alike In their 

L££2taT UTfaSJlS Vt eo»»ot.r «ti.itL. .. op.r.d Co eo«r.t^«.l, 
Ktiviti*« ttndt to lomt th. «.«. .£ rur.l-vhlt. girt. «*U. r.i.i«» tb. 
scores of suburban-black girls. \ 

.hip ^he 1 :^ T^S^^t^ ^^1^ l^ti 

h^Er level of skill and concept understanding than the suburban-black girls 
with concrete-only activities. 

The nature of the effect of concrete and computer -cavities in the learning 
, .J™ °""oc-.. .kills and concepts is in meed of s great deal more 
!* lEIEE It aooea^Tom the significant findings and from the trends 
investigation. It ™" ^ g u rt#ct differently to the use of 

reported in this study that «~ f £ fact thm effects of the treatments 

£g£emJL^ suburbao-blach girl, looks 

nuch the same as the pattern for rural-vhite boys. 

.„ Mm Miot it can be stated that the concrete and computer activities 

r. p re.*«t.tio« .ucb .. color* fgn?«tWUtM. Ctaildr« .hoild b. 

Sit .tud.»t. r—io «iti«l7 «g««.d i» tb. t..k. 

furth.r r..«rcb .hoold b. doo. to ^^^M^ZlU W«hiW«. 
nth di£f.ro«t «^*« t «^ U, -^/:"* l !!!L^rtta «« o« tb. «ti»lti« 

estimates of students' concepts and skills. 

o 
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